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Abstract. We report on results obtained with the XMM–Newton observation of Feige 34 carried out in April 2018. This is the
first spectroscopic X-ray observation of a compact and helium-poor hot subdwarf star. The source was detected at a flux level fX
= 3.4×10−14 erg cm−2 s−1 in the energy range 0.2–3 keV, which implies an X-ray-to-bolometric flux ratio fX/ fbol ≃ 10
−6.5. The
source spectrum can be described with the sum of two thermal-plasma components with subsolar abundances at temperatures
of ≃ 0.3 and 1.1 keV. These properties are similar to what is observed in early-type main-sequence stars, where the X-ray
emission is attributed to turbulence and shocks in the stellar wind. Therefore, the same phenomenon could explain the X-ray
properties of Feige 34. However, it is not possible to reproduce the observed spectrum with a thermal-plasma model if the
elemental abundances are fixed at the values obtained from the optical and UV spectroscopy. Moreover, we show that the X-ray
luminosity and spectrum are consistent with those expected from a young main-sequence star of late spectral type. Therefore,
we discuss the possibility that the observed X-ray emission is due to the companion star of M0 spectral type, whose presence
is suggested by the IR excess in the spectral energy distribution of Feige 34.
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1. Introduction
Hot subdwarf stars are subluminous blue stars that, in the
Hertzprung-Russell (HR) diagram, lie between the main se-
quence and the white-dwarf (WD) sequence, at the blue end
or beyond the horizontal branch (HB). They are the progeny of
low-mass (∼ 1 M⊙) main-sequence stars that have lost most of
their hydrogen envelopes during the red-giant phase, and are
now burning their helium-rich core (see Heber 2016 for a re-
view). They are found in both the thin and the thick discs, and
in the bulge and halo populations of the Galaxy (Altmann et al.
2004; Busso et al. 2005; Geier et al. 2017).
Based on their effective temperature, hot subdwarf stars are
spectroscopically classified as either sdB, with Teff <∼ 38 kK,
or sdO, with Teff >∼ 38 kK (Hirsch et al. 2008). The class of the
sdB stars is homogeneous and most of them are helium poor,
with only weak helium lines or none at all. On the other hand,
the sdO stars form a heterogeneus group; they display a wide
range of effective temperatures (Teff = 38–100 kK), surface
gravities (log(g)(cm s−2) = 4–6.5), and helium abundances (–
3.5 <∼ log(NHe/NH)
<
∼ 3) (Heber & Jeffery 1992; Heber et al.
2006; Stroeer et al. 2007). Therefore, depending on the atmo-
⋆ Based on observations obtained with XMM–Newton, an ESA sci-
ence mission with instruments and contributions directly funded by
ESA Member States and NASA
spheric helium abundance, sdO stars are usually classified as
either He poor or He rich. In addition, depending on the sur-
face gravity, they can be classified as either luminous or com-
pact (Napiwotzki 2008).
The variety among hot subdwarf stars is mostly due to dif-
ferent evolutionary histories. The sdB stars belong to the ex-
treme horizontal branch (EHB) stars (Heber 1986). Since their
hydrogen envelope is too thin to sustain hydrogen burning,
after the exhaustion of the helium core they do not ascend
the asymptotic giant branch (AGB), but evolve directly to the
white-dwarf cooling sequence. The luminous sdO stars (both
He poor and He rich) are post-AGB stars, while the compact
He-poor sdO stars are post-EHB stars that very probably de-
scend from the sdB stars. On the other hand, the origin of the
compact He-rich sdO stars can be due to either the so-called
late hot-flasher scenario (Brown et al. 2001) or the merger of
two WDs (Iben 1990; Saio & Jeffery 2000, 2002).
Hot subdwarf stars are bright in optical and UV wavelength
ranges, and are usually investigated in these particular spectral
regions. In recent years, the high sensitivity of the instruments
on board the XMM–Newton andChandra space telescopes have
allowed us to study the X-ray emission of this type of stars (see
Mereghetti & La Palombara 2016 for a review).
In the past, our team used XMM–Newton to per-
form deep observations of the three luminous and
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He-rich sdO stars HD49798 (Mereghetti et al. 2013),
BD+37◦ 1977 (La Palombara et al. 2015), and BD+37◦ 442
(La Palombara et al. 2012; Mereghetti et al. 2017). In all three
cases the observed source spectrum can be described with
the sum of multi-temperature thermal-plasma components
(assuming the elemental abundances derived from the optical
observations of these stars) with temperatures between ≃
0.1 and ≃ 5 keV. The same type of spectrum has also been
found in a large sample of normal O-type stars observed with
XMM–Newton (Naze´ 2009). Moreover, for these three sdO
stars the ratio of the X-ray to bolometric luminosities agrees
with the ‘canonical’ relation LX ∼ 10
−7
× Lbol, which has
long been known for the main-sequence, giant, and supergiant
O-type stars (Pallavicini et al. 1981; Sciortino et al. 1990;
Gu¨del & Naze´ 2009). The strong winds of these stars are char-
acterized by turbulence phenomena and shock episodes that
generate the observed X-ray emission (Sundqvist & Owocki
2012; Sundqvist et al. 2012; Owocki et al. 2013; Cohen et al.
2014). Compared to O-type stars, the bolometric luminos-
ity of sdO stars detected in X-rays is significantly lower
(log(Lbol/L⊙) ≃ 4 instead of 5–6). However, they have winds
with mass-loss rates up to 10−8 M⊙ y
−1 (Hamann 2010;
Jeffery & Hamann 2010) that can produce X-ray emitting
shocks, as in more luminous O-type stars. This suggests that
the X-ray emission of the sdO stars has the same origin as that
observed in normal O-type stars.
The three sources discussed above are luminous He-rich
sdO stars with a low surface gravity (log(g) ≃ 4), for which ev-
idence of mass loss has been reported. However, our Chandra
programme of snapshot observations (La Palombara et al.
2014) allowed us to detect Feige 34 and BD+28◦ 4211 as well;
they are compact He-poor subdwarfs with high surface grav-
ity (log(g) > 6) and no sign of mass loss (see e.g. Latour et al.
2013). For these two stars LX ∼ 10
−7
× Lbol, as is true for main-
sequence stars, which suggests that the observed X-ray emis-
sion comes from the shock-heated gas in the stellar winds in
their case as well.
In this paper we report on a follow-up observation of Feige
34, performed in April 2018 with XMM–Newton, which al-
lowed us to investigate in detail the spectral and timing prop-
erties of the X-ray emission discovered with Chandra. Feige
34 is a bright (V = 11.14) and well-known He-poor sdO star,
used as a standard star for flux calibration. Based on the re-
sults provided by the Gaia DR2, it is at a distance d = 226 ± 5
pc (Bailer-Jones et al. 2018). Very recently Latour et al. (2018)
used high-quality optical and UV spectra (obtained with IUE1
and FUSE2) to perform a comprehensive spectroscopic anal-
ysis of this star. They considered non-local thermodynamic
equilibrium (NLTE) model atmospheres to estimate the funda-
mental atmospheric parameters and the elemental abundances.
First, they simultaneously fitted the optical H and He lines
to estimate the surface gravity, the effective temperature, and
the He abundance, obtaining log(g) ≃ 6.0, Teff ≃ 62 kK, and
log(NHe/NH) ≃ –1.8. The atmospheric parameters were then
kept fixed, and the UV spectra were used to derive log(g) =
1 International Ultraviolet Explorer
2 Far Ultraviolet Spectroscopic Explorer
Table 1. Elemental abundances of Feige 34 relative to hydro-
gen (left column, Latour et al. 2018) and to solar abundances
(right column).
Element log[N(X)/N(H)]∗ [N(X)/N(H)]∗/[N(X)/N(H)]⊙
He –1.79 0.166
C <∼ –6.7
<
∼ 8.3×10
−4
N –4.9 0.166
O –5.5 6.5×10−3
Mg <∼ –5.0
<
∼ 0.398
Si –6.2 0.034
P –6.7 0.759
S –5.6 0.204
Cr <∼ –5.3
<
∼ 15.47
Mn <∼ –5.6
<
∼ 11.47
Fe –3.1 29.53
Co <∼ –5.8
<
∼ 19.05
Ni –4.0 28.23
5.99±0.03, Teff = 62550±600 K, and the metal abundances that
we report in Table 1.
The analysis of the photometric data of Feige 34, performed
by Latour et al. (2018), showed an IR excess, which implies the
presence of a cool companion star. The estimated temperature
of this star, obtained by fitting the spectral energy distribution
(SED), is Teff = 3848
+214
−309
K, which corresponds to a star of
M0 spectral type. The surface ratio between the sdO and its
cool companion derived from the SED fitting is consistent with
both stars being at the same distance. However, the measured
radial velocity of Feige 34, based on the results of the spectral
analysis, is RV = 11.0±7.7 km s−1, with no evidence of sig-
nificant variations; this is in agreement with previous results
(Maxted et al. 2000; Han et al. 2011). This finding can be ex-
plained if the sdO+M0 binary system has a long period and/or
a low inclination.
2. Observation and data analysis
Feige 34 was observed with XMM–Newton on April 28, 2018
(MJD 58236), for a total exposure time of ≃ 55 ks. The
source flux is too low for a meaningful analysis of the data
collected by the two Reflection Grating Spectrometers (RGS,
den Herder et al. 2001). Therefore, we considered only the
EPIC pn (Stru¨der et al. 2001) and MOS (Turner et al. 2001)
focal-plane cameras; in Table 2 we provide the set-up of
these cameras. The event files of the three cameras were pro-
cessed using version 16 of the XMM–Newton Science Analysis
System3 (SAS). We verified that the whole observation was
characterized by a low instrumental background and that there
was no contamination due to soft protons. This allowed us to
consider the full set of EPIC data for our analysis. As shown in
Fig. 1, Feige 34 was detected down to 0.2 keV and up to 4 keV,
while it remained undetected at higher energies.
For the pn camera we selected events with pattern between
0 and 4 (corresponding to mono- and bi-pixel events), while for
3 https://xmm-tools.cosmos.esa.int/external/xmm user support/documentation/sas usg/USG/
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Table 2. Summary of the XMM–Newton observation of Feige 34 (ID 0800100101).
EPIC Camera Camera Camera Time Net Exposure Time Extraction Radius Net Count Rate
Camera Filter Mode Resolution (ks) (arcsec) (× 10−3counts s−1)
pn Medium Full Frame 73 ms 53.8 15 15.7±0.6
MOS1 Medium Full Frame 2.6 s 55.7 15 3.3±0.3
MOS2 Medium Full Frame 2.6 s 55.7 15 3.1±0.3
Fig. 1. Mosaic smoothed image of the three EPIC cameras of the sky region around Feiger 34 in the energy ranges 0.2-0.3 (left),
3-4 (centre), and 4-5 keV (right). The source position is represented with a green circle of 15′′ radius.
the two MOS cameras we considered events with patterns be-
tween 0 and 12 (corresponding to events involving between 1
and 4 pixels). We selected the same source and background ex-
traction regions for the three cameras. The source events were
extracted from a circular region centred at the source position
and with a small radius of 15′′ (to minimize the background
contribution), while we accumulated the background events
from a circular area free of sources and with a radius of 60′′. In
Table 2 we list the corresponding source net count rates (CRs).
For each camera we accumulated a light curve, with a time
binning of 1000 s, in the three energy ranges 0.15-0.8 (soft),
0.8-4 (hard), and 0.15-4 keV (total). Then we used the SAS tool
EPICLCCORR to correct each curve for both the background
signal and the extraction region. In this way we obtained an av-
erage CR in the total range for the pn, MOS1, and MOS2 cam-
eras of ≃ 23.0×10−3, 5.4×10−3, and 4.0×10−3 cts s−1, respec-
tively. Finally, for each of the three energy ranges we summed
the light curves of the individual cameras to obtain the cumu-
lative EPIC light curve. The three curves are shown in Fig. 2,
where we also show the hardness ratio of the hard (H) to the
soft (S) light curves (HR = H/S). Each curve shows no signifi-
cant flux increase or decrease along the whole observation: we
found no evidence of flux or spectral variability since a fit with
a constant is fully acceptable for both the CR and the HR. The
average CR in the soft, hard, and total range is ≃ 1.85×10−2,
1.39×10−2, and 3.24×10−2 counts s−1, respectively.
Since the light curve reported in Fig. 2 shows no signs of
significant flux or spectral variability along the observation, we
considered the whole exposure for the source spectral analysis.
We accumulated the source spectrum for each of the three EPIC
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Fig. 2. Background-subtracted light curves of Feige 34 in the
energy ranges 0.15–0.8, 0.8–4, and 0.15–4 keV, with a time
binning of 1000 s.
cameras, using the same extraction regions considered for the
light curves. However, due to the low source flux, the signal-to-
noise ratio of these spectra was very low. Therefore, we used
the SAS task EPICSPECCOMBINE to combine them in a single
spectrum and to calculate the applicable response matrix and
ancillary file. We rebinned the spectrum with a minimum of
30 net counts per bin and performed the spectral analysis in the
energy range between 0.2 and 3 keV (since there was no signif-
icant bin at higher energies). The rebinned spectrum was fitted
using version 12.9.1 of XSPEC and the spectral uncertainties
were calculated at the 90 % confidence level for one interest-
ing parameter. For the spectral fitting we used the absorption
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Table 3. Best-fit parameters of Feige 34 obtained with the sum
of two thermal plasma emission models (APEC) and free ele-
ment abundance.
Parameter Unit Value
NH cm
−2 (2.2+2.0
−1.6
)×1020
Abundance - 0.21+0.24
−0.09
kTAPEC1 keV 0.30
+0.07
−0.05
FluxAPEC1(0.2-3 keV)
(a)
×10−14 erg cm−2 s−1 1.6+0.5
−0.4
kTAPEC2 keV 1.1
+0.2
−0.1
FluxAPEC2(0.2-3 keV)
(a)
×10−14 erg cm−2 s−1 1.8+0.4
−0.3
FluxTOT(0.2-3 keV)
(a)
×10−14 erg cm−2 s−1 3.4+0.5
−0.4
Luminosity (0.2-3 keV)(b) ×1029 erg s−1 2.0+0.2
−0.3
χ2ν/d.o.f. - 1.20/23
(a) Corrected for absorption
(b) Assuming a source distance d = 226 pc
model TBABS in xspec. We considered the photoelectric ab-
sorption cross sections of Verner et al. (1996), and we adopted
the results of Wilms et al. (2000) for the elemental abundances.
The EPIC spectrum of Feige 34 is very soft (see Fig. 3),
and using single-component models the best fit was obtained
with an APEC model (which represents the spectral emission
due to a collisionally ionized gas) with abundance ∼ 0.1 solar
(χ2ν = 1.76). We tried to describe the spectrum with the sum of
a power-law and a thermal component (either a black body or a
bremsstrahlung) or to improve the fit with the APEC model by
considering additional components, but in all cases the best-
fit parameters were unconstrained or had unrealistic values.
Therefore, as in the case of the other sdO stars we investigated
with XMM–Newton, we tried to describe the spectrum of Feige
34 with the sum of two APEC components at different temper-
atures. We obtained an acceptable fit (χ2ν = 1.20) by leaving the
abundance free to vary (Fig. 3, top panel). In Table 3 we list the
best-fit parameters obtained for this spectral model. We tried to
improve the spectral fit with the addition of a third APEC com-
ponent, but this attempt was unsuccessful: the χ2ν did not reduce
and, moreover, the additional component was unconstrained.
In our spectral analysis we also took into account the re-
sults obtained by Latour et al. (2018), who estimated the abun-
dance of several elements of Feige 34 through the analysis of
high-quality optical and UV spectra. To this end, we tried to
describe the source spectrum with a multi-temperature thermal
plasma model characterized by elemental abundances equal to
those found by Latour et al. (2018). Therefore, we considered a
model composed of the sum of two VVAPEC components at dif-
ferent temperatures, where the hydrogen abundance was fixed
to 1 and the abundances of the heavier elements were fixed to
the values (relative to solar) given in Table 1. We found that it
is not possible to describe the source spectrum with this type
of model since it is fully rejected by our data. As shown in
Fig. 3 (middle panel), the best-fit model obtained in this way
fails to reproduce the observed spectrum since it leaves large
residuals over a wide energy range (especially at E ∼ 1 keV).
This is reflected in the high value of the reduced chi-squared
(χ2ν = 2.7). We tried to improve the spectral fit with this type of
model by leaving the abundance of single elements free to vary.
We first considered the Ne abundance in order to reproduce the
feature at ∼ 1 keV. We found that the Neon abundance is well
constrained (1.5+0.8
−0.6
compared to the solar value), but the fit
improvement was very limited and, moreover, large residuals
around 1 keV were still present. Instead, we obtained a consid-
erably better result by leaving the abundance of either Si or S
free to vary. In these cases the value of χ2ν reduced to 1.83 and
2.00, respectively, and the spectral feature at ≃ 1 keV disap-
peared. However, the best-fit value of the element abundance is
very high (120+70
−50
and 115+100
−50
for Si and S, respectively), and
is thus unreasonable. Moreover, in both cases the fit still leaves
large residuals at various energies (see Fig. 3, bottom panel,
for the Si case). When left free to vary, it was also possible to
constrain the abundance value for O, Ar, Cr, Mn, and Fe. In
none of these cases, however, did the fit improve significantly
compared to the model with the abundances fixed at the values
estimated by Latour et al. (2018). This means that, with this
type of model, it was never possible to obtain a goodness of fit
comparable to that provided by the model given in Table 3.
3. Discussion
The timing analysis of the XMM–Newton data shows no evi-
dence of flux or spectral variability along the observation. The
0.2-3 keV source flux is fX = 3.4 × 10
−14 erg cm−2 s−1, which
agrees with the result obtained with Chandra. For the source
distance d = 226 pc, this flux implies an X-ray luminosity
LX ≃ 2 × 10
29 erg s−1. The source spectrum can be described
with a combination of two thermal-plasma emission compo-
nents at different temperatures (a fewMK), provided that a sub-
solar elemental abundance is used. This type of emission model
is commonly used to describe the X-ray spectrum of normal O-
type stars, which are a well-known class of X-ray sources with
X-ray luminosities up to LX ∼ 10
33 erg s−1. They are character-
ized by strong radiatively driven stellar winds, with a clumped
structure and mass-loss rates up to M˙W = 10
−5 M⊙ y
−1. The
clump–clump collisions heat up the cool material, thus creat-
ing a hot plasma at T ∼ 1-10 MK which generates the ob-
served X-ray emission. In the case of Feige 34 the high sur-
face temperature favours the presence of a radiatively driven
wind, although the predicted mass-loss rate is much lower than
in normal O-type stars (M˙W ≃ 10
−7.5 M⊙ y
−1 according to
Thejll et al. 1995, and even down to M˙W ≃ 10
−10 M⊙ y
−1 ac-
cording to Krticˇka et al. 2016). Therefore, it is possible that for
this sdO star the observed X-ray emission has the same origin.
Since for normal O-type stars fX/ fbol = 10
−6.7 (Naze´
2009), it is interesting to compare the X-ray and the bolomet-
ric fluxes of Feige 34. To this end, we estimated fbol based
on the V magnitude, the interstellar reddening (AV ), and the
bolometric correction (BC) of the star. Since E(B − V) =
0.018 (Latour et al. 2018), the relation AV = 3.2×E(B − V)
(Zombeck 2007) implies AV = 0.0576. Then, assuming Teff =
62,550 K (Latour et al. 2018), from the relation BC = 27.66
- 6.84×log(Teff) (Vacca et al. 1996) we obtained BC = -5.15.
Since V = 11.14 (Høg et al. 2000) and mbol = V - AV + BC
(Zombeck 2007), we obtained mbol = 5.93. Finally, from the
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Fig. 3. EPIC spectrum of Feige 34 with the best-fit model com-
posed of the sum of (1) two APEC components with free ele-
mental abundances (top panel), (2) two VVAPEC components
with elemental abundances fixed at the values estimated by
Latour et al. (2018) (middle panel), and (3) the same as in (2)
but with free Si abundance (bottom panel).
relation fbol = 2.48×10
−5
× 10−0.4mbol (Zombeck 2007), we ob-
tained fbol = 1.05×10
−7 erg cm−2 s−1. This implies log( fX/ fbol)
= -6.48, a result near the average value obtained for the nor-
mal O-type stars. Therefore, the X-ray-to-bolometric flux ratio
also supports the hypothesis that the X-ray emission observed
in Feige 34 originates from the hot plasma in the stellar wind.
In Table 4 we compare the main parameters of Feige 34
with those of the three sdO stars already observed with XMM–
Newton. Contrary to Feige 34, these stars are luminous and He
rich and have a very different chemical composition.Moreover,
they are characterized by much lower temperatures and sur-
face gravities and higher mass-loss rates. Compared to Feige
34, they have much higher X-ray and bolometric luminosities4.
However, since their distances (estimated on the basis of the
Gaia DR2) are also significantly larger, their X-ray fluxes are
very similar to that observed for Feige 34. The X-ray spectra of
these stars can be described with the sum of different thermal-
plasma components at various temperatures, if the specific el-
emental abundances are properly taken into account. The tem-
peratures of these components, however, are lower than those
of Feige 34, which implies that the X-ray spectra are softer.
In Fig. 4 we put the four sdO stars investigated with XMM–
Newton in the context of the X-ray-observed sdO stars, thus
also including those studied with Chandra. Both the X-ray flux
of the detected stars and the upper limit of the undetected ones
are reported as a function of their bolometric magnitude. The
flux value of the four stars listed in Table 4 is obtained through
the spectral fit of the XMM–Newton data, while for the other
sources we referred to the count rate value (or its upper limit)
provided by Chandra observations. For comparison, in the plot
we also report the average relation between X-ray and bolomet-
ric flux ( fX/ fbol = 10
−6.7±0.5) of the normal O-type stars (Naze´
2009). The plot shows that the region delimited by this relation
includes almost all the stars.
The results we obtained for the three sdO stars already ob-
served with XMM–Newton favoured the hypothesis that their
X-ray emission is generated by shocks and turbulence in their
winds (Lucy & White 1980; Owocki et al. 1988), as in the case
of the normal O-type stars. Therefore, although Feige 34 dif-
fers from the other sdO stars in several ways, it is possible that
the same emission scenario is also applicable to this star; how-
ever, we note an important difference. In the case of the other
three sdO stars, the spectral fit with a multi-temperature ther-
mal plasma model was obtained considering the specific abun-
dance of each element obtained from the spectroscopic analysis
in the optical/UV domain. The same approach was unsuccess-
ful in the case of Feige 34; as shown in the previous section,
it was not possible to obtain an acceptable spectral fit when
we fixed the elemental abundances at the values obtained by
Latour et al. (2018) from the optical data. On the other hand, a
good-quality fit was only possible for subsolar metallicity, with
the relative elemental abundances kept solar.
It is also possible that the X-ray emission detected with
XMM–Newton (or at least part of it) is due to the late-type
companion (of M0 stellar type) of Feige 34, whose presence
is inferred from the IR excess in the SED (Thejll et al. 1995;
Latour et al. 2018). Main-sequence stars of late spectral types
are established X-ray sources since the epoch of the Einstein
4 The values of the bolometric luminosity listed in Table 4 are taken
from the values published in the literature, rescaled for the distances
based on Gaia results
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Table 4. Main parameters of the sdO stars Feige 34, BD +37◦ 1977, BD+37◦ 442, and HD49798.
Parameter Feige 34 BD+37◦ 1977 BD+37◦ 442 HD49798
Value Reference Value Reference Value Reference Value Reference
log g (cm s−2) 5.99 1 ≃ 4.0 6 4.00 ± 0.25 11 4.35 14
Teff (K) 62,550 1 48,000 7 48,000 7 46,500 14
U 9.61 2 8.67 8 8.57 12 6.76 15
B 10.91 2 9.93 8 9.73 12 8.02 15
V 11.14 2 10.17 8 10.01 12 8.29 15
dGaia (pc) 226±5 3 1,200
+180
−140
3 1,230+320
−220
3 501+17
−16
3
L
(a)
Gaia
(L⊙) 158 4 4,900 6 9,500 6 8,300 14
vW (km s
−1) - - 2,000 7 2,000 7 1,200 9
M˙W (M⊙ yr
−1) 10−10 5 10−8.2 7 10−8.5 7 10−9.2 9
NH (×10
20 cm−2) 2.2 4 1 9 5 9 5 9
kT1 (keV) 0.30 4 0.13 9 0.11 9 0.11 9
kT2 (keV) 1.10 4 0.79 9 0.65 9 0.57 9
kT3 (keV) - 4 - - 4 9
fX
(b) (×10−14 erg cm−2 s−1) 3.4+0.5
−0.4
4 4.0+0.2
−0.3
10 3.4+0.3
−0.1
13 9.2±0.7 16
LX
(c) (×1030 erg s−1) 0.20+0.04
−0.03 4 6.5
+2.5
−1.8 10 5.8
+4.2
−2.0 13 2.6±0.2 16
log(LX/Lbol)
(d) –6.48±0.06 4 –6.46+0.02
−0.03
10 –6.80+0.04
−0.01
13 –7.09±0.03 16
Element Abundances(e)
XH 0.89663 1 0.0013 11 0.0013 11 0.19 14
XHe 0.05774 1 0.9639 11 0.9639 11 0.78 14
XC
<
∼ 2.1×10
−6 1 0.0250 11 0.0250 11 0.0001 14
XN 0.00016 1 0.0031 11 0.0031 11 0.025 14
XO 4.5×10
−5 1 0.0053 11 0.0053 11 0.0028 14
XMg
<
∼ 0.00022 1 - - - - - -
XSi 1.6×10
−5 1 0.0008 11 0.0008 11 0.001 11
XP 5.5×10
−6 1 - - - - - -
XS 7.2×10
−5 1 - - - - - -
XCr
<
∼ 0.00023 1 - - - - - -
XMn
<
∼ 0.00012 1 - - - - - -
XFe 0.03946 1 0.0006 7 0.0006 7 0.0011 14
XCo
<
∼ 8.3×10
−5 1 - - - - - -
XNi 0.00522 1 - - - - - -
Notes: (a) Based on the reported reference, corrected for the Gaia-estimated distance. (b) Unabsorbed flux in the energy range 0.2-10 keV. (c)
The errors on the source X-ray luminosity take into account the errors on both the source flux and distance. (d) The errors on LX/Lbol take into
account only the errors on the source X-ray flux. (e) Mass fraction.
References: 1 - Latour et al. (2018); 2 - Høg et al. (2000); 3 - Bailer-Jones et al. (2018); 4 - This work; 5 - Krticˇka et al. (2016); 6 - Darius et al.
(1979); 7 - Jeffery & Hamann (2010); 8 - Jordi et al. (1991); 9 - Mereghetti & La Palombara (2016); 10 - La Palombara et al. (2015); 11
- Bauer & Husfeld (1995); 12 - Landolt (1973); 13 - Mereghetti et al. (2017); 14 - Hamann (2010); 15 - Landolt & Uomoto (2007); 16 -
Mereghetti et al. (2016)
satellite (Pallavicini et al. 1981; Vaiana et al. 1981), and their
X-ray emission is generally attributed to the effect of magnetic
heating of the coronal plasma (at temperatures T > 1 MK).
These stars have deep convective envelopes that combine with
the differential rotation to produce strong magnetic dynamos at
the base of the convection zone. In turn, these dynamos pro-
duce high levels of magnetic activity above the stellar photo-
sphere, which is traced by the coronal X-ray emission (Gu¨del
2004). As a result, their coronae are characterized by a mix-
ture of cool (T = 1.5–5 MK) and hot (T = 10–30 MK) mag-
netic loops (Gu¨del & Naze´ 2009). The observations of late-
type stars performed with Einstein showed that their spectra
are due to the sum of two thermal components (Vaiana 1983;
Schmitt 1985; Majer et al. 1986). In particular, Schmitt et al.
(1990) found that for most stars a two-temperature (2T) model
with kT1 ≃ 0.22 keV and kT2 ≃ 1.37 keV provides an ade-
quate spectral fit. This finding was confirmed by the results of
the XMM–Newton Bright Serendipitous Survey (XBSS), which
demonstrated that the spectrum of moderately active K and M
stars can be fit using a 2T model with kT1 = 0.32 keV and kT2
= 0.98 keV (Lo´pez-Santiago et al. 2007).
The spectral analysis of the EPIC data of Feige 34 provided
results that are consistent with the previous scenario. For this
sdO star we need two thermal plasma components to obtain an
adequate fit, and their temperatures (0.3 and 1.1 keV) are very
similar to those of the M-type stars of the XBSS. Moreover, the
estimated X-ray luminosity (LX = 2×10
29 erg s−1) is consistent
with that typically observed in young M0 stars (Pizzolato et al.
2003; Garce´s et al. 2011; Stelzer et al. 2013). Regarding the X-
ray-to-bolometric flux ratio, we estimated Lbol assuming, for a
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Fig. 4. Relation between the X-ray flux (or its upper limit for
the undetected sources) and the bolometric magnitude of the
sdO stars observed at X-rays. The continuous red line rep-
resents the best-fit relation ( fX/ fbol = 10
−6.7) for the main-
sequence early-type stars (Naze´ 2009), while the area between
the two blue lines ( fX/ fbol = 10
−6.2 and fX/ fbol = 10
−7.2, re-
spectively) corresponds to the dispersion of this relation.
main-sequence star of M0 type, that log(Lbol/L⊙) = –1.2 (Allen
1973). This implies Lbol = 0.063 × L⊙ = 2.4 × 10
32 erg s−1
and, then log(LX/Lbol) = –3.1. This value agrees with the lumi-
nosity ratio observed in the most active stars, which saturates
at a level log(LX/Lbol) ≃ –3 (Zickgraf et al. 2005; Stelzer et al.
2016; Kastner et al. 2016).
4. Conclusion
The XMM–Newton follow-up observation of Feige 34 per-
formed in April 2018 allowed us to investigate with better data
the properties of the X-ray emission detected with Chandra in
2013 (La Palombara et al. 2014). We showed that the source
spectrum can be described with a combination of two thermal-
plasma emission components at different temperatures, pro-
vided that a subsolar elemental abundance is used. The same
type of model is used to describe the X-ray spectrum of normal
O-type stars, where the X-ray emission is due to shocks and tur-
bulence in the radiatively driven stellar winds. We already sug-
gested this scenario for the three sdO stars previously observed
with XMM–Newton. Therefore, it is possible that it also applies
for Feige 34. This is also supported by the X-ray-to-bolometric
flux ratio of Feige 34, which is fully consistent with that ob-
served in early-type main-sequence stars. However, contrary to
the other sdO stars observed with XMM–Newton, we verified
that it is not possible to obtain an acceptable spectral fit when
the elemental abundances are fixed at the values obtained from
the spectroscopic analysis of the optical and UV data.
The IR excess observed in the SED of Feige 34 suggests
the presence of a late-type companion star of M0 spectral type.
We show that the properties of the observed X-ray emission are
consistent with those typical of young M-type stars. Therefore,
although we cannot exclude that the observed X-ray emission
originates in the sdO star itself, our results favour the possibil-
ity that its main source is the companion star. In this frame-
work, we also note that the sdO star Feige 67, which is very
similar to Feige 34 in several ways, remained undetected in our
programme of snapshot observations of sdO stars performed
with Chandra (La Palombara et al. 2014)5, which had a sensi-
tivity of ≃ 10−14 erg cm−2 s−1.
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